In the present study green, rapid, extracellular synthesis of silver nanoparticles was achieved under alkaline conditions using Penicillium species. The synthesis of silver nanoparticles is greatly influenced by the pH value of the reaction medium and studied visually as well as using UV-visible spectrophotometer. The SPR absorption bands appeared in the range between 408 nm and 415 nm confirm the formation of the silver nanoparticles. Silver nanoparticles prepared at pH value 10 were further characterized using XRD, SEM, TEM, photoluminescence spectroscopy. X-ray diffraction analysis exhibited the crystalline nature of the prepared silver nanoparticles with face centered cubic structure. The prepared silver nanoparticles were spherical in shape as revealed from SEM and TEM images with the sizes in the range between 11 to 19 nm. The emission spectra were recorded at 530 nm when excited at 400 nm in photoluminescence spectroscope. The prepared silver nanoparticles were evaluated for their catalytic activity in the reduction of MB by NaBH4 and exhibit the excellent results.
Introduction
The electrical, optical, chemical properties of the metallic nanoparticles are functions of size and shape of the nanoparticles [1] [2] [3] [4] . Interaction between incident light and free electrons on the surface of metallic nanoparticles causes the electrons to oscillate. Cloud of oscillating electrons on theses nanoparticle's surface is known as plasmon. Plasmons are the deep area of research and are the key driver of engineering at the nanoscale. When the frequency of incident light matches with the frequency of free electrons oscillations, resonance is established. This phenomenon is known as surface plasmon resonance. Colours exhibited by the metallic nanoparticles are due to this SPR [5] . Surface plasmon resonance exhibited by the metallic nanoparticles is the function of their size, shape and liquid medium in which particles are suspended. Shift in LSPR wavelength tolerates the nanoparticles for sensing the chemical and biological molecules [6] . For Nobel metal nanoparticles such as silver and gold SPR absorption band lies in visible region of the spectrum. Size dependent variation in colours was displayed by silver and gold nanoparticles [7] .
Silver nanoparticles are reported for their size and shape dependent optical [8, 9] , catalytic [10, 11] and antimicrobial activities [12] . Due to the size dependent nature of plasmon it might be possible to develop electronic or photonic devices based on excitation and detection of plasmon [13] . The intensity of the brown colour for silver nanoparticles was depends on the pH value of the reaction solution [7] .
Several reports are available for the synthesis of silver nanoparticles by usual physical and chemical methods. But in these methods of fabrications, nanoparticles were achieved through the involvement and release of toxic chemicals which affect the environment. So, the green synthesis routes in which natural reducing and stabilizing agents used are preferred for the fabrication of silver nanoparticles. Fungi comprise large quantity of enzymes extracellularly due to which extracellular synthesis of nanoparticles is possible [14] . Fungi such as Aspergillus flavus [15] , Aspergillus niger [16] , Trichoderma asperelum [17] and Penicillium species [17] [18] [19] . Shown their potential for the production of silver nanoparticles.
Green synthesized silver nanoparticles were reported for their catalytic performance and hence might be applicable for the maintenance of the environment. Silver nanoparticles synthesized using Kashayam Guggulutiktham exhibit size dependent catalytic performance in the reduction of MB [20] . Silver nanoparticles of different shapes synthesized by simple solvothermal method exhibited their shape dependent catalytic activity for the oxidation of styrene [21] .
Present investigation reports the fast, extracellular synthesis of silver nanoparticles using Penicillium species. Effect of pH values of the reaction solutions was studied on the optical property SPR revealed by the silver nanoparticles.
Experimental Methods
Chemicals AgNO3 and 0.1 N NaOH were used of analytical grade. Fungal species Penicillum species NCIM 1313 was obtained from National Chemical Laboratory Culture Collection Centre, Pune.
Preparation of Fungal Filtrate
The fungal organism Penicillium species was grown in a sterile liquid media potato dextrose broth [22] . After 7 days of incubation under static condition at 30 °C, the mycelial mat was observed on the media. The mycelia were separated using Whatman No.1 filter paper. The mycelia harvested on the paper was washed extensively using deionized water to remove the trace of the media component. Fresh ten gram of mycelia was suspended in 100 mL deionized water and incubated at 30 °C under shaking condition at 110 rpm for 72 h. After incubation period fungal mycelia was separated by filtration through Whatmann No.1 filter paper and the obtained filtrate [23] was used for the production of silver nanoparticles.
Production of Silver Nanoparticles
Five flasks each containing equal amount of fungal filtrate and AgNO3 solution with final concentration of 1 mM were adjusted at different pH values 7-11 and all these flasks were incubated at 30 °C under shaking condition at 110 rpm for 72 h. The pH value of the reaction solution was adjusted by using 0.1 N NaOH solution. 
Characterization
Formation of silver nanoparticles was observed visually by monitoring the change in colour. Variation in the intensity of the colour is the criterion used to study the effect of pH on the preparation of silver nanoparticles. UV-visible spectroscopy is the technique used to confirm the formation of silver nanoparticles and to study the influence of pH value of the reaction solution in the synthesis of nanoparticles. Alteration in colour intensity and absorption band in UV-visible spectra was used as the measure for the detection of effect of pH on the optical properties (SPR) of the silver nanoparticles.
The fungal filtrate was subjected to FTIR spectroscopy and scanned in the range of 500 to 4000 cm -1 . The presence of feasible biomolecules responsible for the reduction of silver ions and stabilization of the prepared nanoparticles were evaluated using FTIR analysis.
The powder form of samples was subjected to X-ray diffraction analysis to determine crystal structure. The diffracted intensities were recorded with 2θ in the range 20° to 80° with CuKα radiation. Thin films of colloidal solution of silver nanoparticles were prepared on glass slides and exposed to scanning electron microscopy (SEM S-4800) for size and shape details. TEM images of the prepared silver nanoparticles were obtained on Philips CM 200 Transmission electron microscope. Photoluminescence spectra of the prepared silver nanoparticles were recorded in Perkin Elmer LS 55 spectrofluorometer at room temperature. Both the excitation and emission slit widths were kept 5 nm and the entire scanning was done at the speed of 100 nm/minute. The catalytic performance of the prepared silver nanoparticles was evaluated for the reduction of MB by NaBH4.
Results and Discussion

Visual Observation
The fungal filtrate (Fig. 1a) and AgNO3 solution (not shown) maintain their original colours even after 72 h of incubation but the colour of fungal filtrate treated with AgNO3 changes from light yellow to brown is the preliminary indication of the formation of the silver nanoparticles Fig. 1b . Five flasks in Fig. 2 displaying the variation in the intensity colour with increase in pH value of the reaction medium. The intensity of colour was increases with increase in pH value. It suggests that as the pH value increases rate of reduction of silver ions increases and result in faster nanoparticle production [24] . The appearance of the brown colour was due to surface plasmon resonance exhibited by formed silver nanoparticles [25] . 
UV-Visible Spectroscopy
UV-visible absorption spectroscopy is the technique used to study surface plasmon resonance exhibited by silver nanoparticles prepared at different pH value. UV-visible spectra of fungal filtrate and those of silver nanoparticles prepared at different pH values are depicted in Fig. 3 . Fungal filtrate shows the absorption at 237 nm due to amide band and 277 nm which are due to tryptophan and tyrosine residue present in the protein molecule [26] . Fungal filtrate doesn't show any absorbance peak in the visible region. Fungal filtrate treated with AgNO3 solution showed the absorption peaks between 408 and 415 nm confirms the formation of silver nanoparticles. The SPR absorption band occurred due coherent oscillation of free electrons at the surface of metal nanoparticles [27] . Fig. 3 depicts that as the pH value increases the SPR curve becomes sharp and the peak was shifted towards blue end of the spectrum. The surface plasmon resonance shifts to higher energies which might be due to decrease in size of nanoparticles [8] . Under alkaline form of the reaction medium large numbers of functional groups are available to bind silver ions and hence large number of small sized AgNPs is produced [28] .
It is clear from the absorption spectra that the maximum absorbance wavelengths (λmax) blue shifted from 415 to 408 nm by increasing the pH value from 7 to 11. The maximum absorbance wavelength (λmax) is associated with the conduction band energy according to quantum theory of metal nanoparticles [29] .
The conduction band energy, Ecb (eV) can be calculated directly from the UV-visible absorption spectra by using the following Einstein's photon energy equation,
= ℎ
where λmax is the maximum absorbance wavelength, h is the Planck constant and c is the speed of light. Since, it can be seen that the conduction band energy is found to be 3.02 eV for silver nanoparticle prepared at pH value 11.
FTIR Analysis
FTIR spectrum of the Penicillium filtrate is shown in Fig. 4 . The bands appeared at 657, 1070, 1249, 1357, 1643, 2077 and 3363 cm -1 indicates the involvement of different compounds and groups in the biosynthesis of silver nanoparticles. 
X-Ray Diffraction Analysis
XRD pattern of the prepared silver nanoparticles is shown in Fig. 5 which revealed the intensity peaks at 2θ values of 37.9°, 43.5°, 63.8° and 77.5°. The peaks are indexed to (111), (200), (220) and (311) planes respectively. XRD analysis suggests that prepared silver nanoparticles were crystalline in nature with fcc structure. It was matched with standard JCPDS No. 43-0649. Also, the samples' crystallite size was found to 16.69 nm (Table 1) , which calculated by using Scherer equation from the full width at the half maximum (FWHM) peak broadening of the high-intensity peak, (1 1 1) of the XRD graphs.
( ) = (2) where D is the crystalline size (nm); k is the shape factor, which is equal to 0.94 for sphere particles; is the full width of the diffraction line at half of the maximum intensity measured in radians; λ is the X ray wavelength of Cu Kα = 0.154 nm; θ is Bragg angle. 
Scanning Electron Microscopy
Scanning electron micrograph of the prepared silver nanoparticles is shown in the Fig. 6 . It clearly indicates that the nanoparticles were spherical in shape with uniform distribution and in the size range between 11 nm to 15 nm. 
Transmission Electron Microscopy
TEM images of the synthesized silver nanoparticles are depicted in Fig.  7(a) revealed that the particles were spherical in shape. The size of the nanoparticles was in the range of 9 to 19 nm. Selected area electron diffraction pattern shown in Fig. 7(b) indicates that prepared nanoparticles possess crystalline nature with face centered cubic geometry. 
Photoluminescence Spectra
The PL spectra of prepared colloidal solution of silver nanoparticles are depicted in Fig. 8 . The emission peak was obtained in the visible region at 530 nm when excited at 400 nm. The luminescence of the nanoparticles is due to the excitation of free electrons from occupied 'd' band into higher excited states above the Fermi level which is then followed by relaxation to lower level. The energy losses of the electron result in luminescence. The optical properties of the silver nanoparticles depend on the interband and intraband transition between electronic states [30] . 
Catalytic Activity
For the evaluation of the catalytic activity of prepared silver nanoparticles, the reduction of MB by NaBH4 was studied [31, 32] . The reaction was carried in two tubes each contain 2ml of M.B. which is blue in colour. 0.5 mL NaBH4 was poured in both tubes. Colloidal solution of 0.3 ml was added in solution of tube 2. The reaction was monitored visually as well as using UV-visible spectrometer. Immediately the reaction starts and, in few minutes, (2 minutes) the solution in tube 2 becomes colourless while the solution in tube 1 remained blue for several hours Fig. 9(a) . Fig. 9(b) shows that MB has a maximum absorbance at 663.5 nm but when the AgNPs solution was added in tube 2 the peak drops in few (two) minutes. This indicates the reduction of MB was catalyzed due to silver nanoparticles. One absorbance peak was observed at 400 nm which may be due to presence of silver nanoparticles. 
Conclusion
The optical properties of green synthesized silver nanoparticles were greatly influenced by the pH value of the reaction medium. The SPR curve sharpened and the peak was shifted towards blue end with increase in pH value. It is possible to produce large number of small, stable silver nanoparticles at a rapid rate under alkaline environment. Silver nanoparticles prepared using Penicillium species causes the reduction of MB in few minutes (120 seconds).
